True isochromosomes for Xp probably do not exist in a liveborn. We describe a rare case of complete Xp duplication and retention of the inactivation centre at Xql3. Cytogenetically, it is described as a nonmosaic 46,X,psu idic(X)(ql3). Complete duplication ofXpter-Xql3 was confirmed by banded analysis and FISH probes for X centromere, Xp2l, XIST locus, and whole chromosome paints for X and Y. The abnormal X was always late replicating.
that is acentric and thus non-viable. There are a handful of non-mosaic cases reported to be i(Xp).26 In these cases, it is difficult to distinguish by only chromosome banding between i(Xp) and deletion of Xq resulting in a near metacentric chromosome. 7 Therman et al propose that without an intact inactivation centre in the q arm, the entire p arm will remain active and that the disruption of genetic imbalance from such duplication will be severe. A 1993 paper8 describes a case oftall stature and amenorrhoea involving a rearranged X(pter-+ql3:: p 11.4 -+pter) where molecular and FISH techniques confirmed the near duplication of Xp. We present a rare case of complete X p arm duplication and proximal Xq duplication that included the XIST locus, which is known to be at Xql3.9 The clinical features of the case and cytogenetic implications are discussed.
Case report
The patient was a 21 year old Chilean college student referred for evaluation of primary amenorrhoea and short stature. She was a healthy infant of a normal pregnancy born at term to a 28 year old mother and 29 year old father. Although short stature was evident in early childhood, health and development were otherwise unremarkable.
Physical examination at the age of 21 years showed a height of 143-5 cm (<5th centile or 28alal, Dahl, Erickson, Zimmerman, Lindor 50th centile for age 11-3 years), weight was 51 kg, and head circumference was 52 cm. The cranium was normocephalic and the facies consistent with ethnicity. The ear helices showed a prominent antihelix and normal position. The posterior hairline was not low and pterygium coli was not evident. The thyroid was moderately enlarged, symmetrical, and without nodules. The bony thorax was normal and no scoliosis was evident. Examination of the heart, lungs, and abdomen showed no abnormalities. Breast and external genitalia were consistent with Tanner III development. Internal pelvic examination was not permitted by the patient. Morphology of the hands, palmar flexion creases, and dermal ridges were normal except for radial loops on both index fingers. The lower extremities showed mild genu valgus with patellae appearing laterally displaced and mild leg length and calf circumference discrepancy ( fig 1) . The neurological examination was unremarkable. A large hypopigmented macule of irregular shape was present on the forehead (it developed at the age of 14 years). The number of pigmented naevi was average.
Radiographs of the hips and knees showed mild osteopenia and open growth plates. Bone age was between 13 5 and 14 year standards. Ultrasonography of the pelvis showed a small uterus (2 x 4 cm, prepubertal size), and the ovaries could not be identified. No pelvic masses were seen.
Endocrine evaluation showed a normal thyroxine level but raised sensitive TSH and thyroid microsomal antibody titre of 1:6400, luteinising hormone 15 * 5 IU/l, and follicle stimulating hormone 44 IU/l, oestradiol 20 pg/ml (normal premenopausal levels are 30-400). Chemistry testing was significant for alkaline phosphatase of 219 IU/l (normal 33-118), and the isoenzyme analysis showed that the rise was attributable to bone enzyme.
CYTOGENETIC ANALYSIS
Thirty metaphases from PHA stimulated blood culture were analysed by GTL, QFQ, and CBG banding techniques. Each metaphase had a pseudoisodicentric X with the break and fusion point at Xql3 (fig 2) . The karyotype was described as 46,X,psu idic(X)(ql3). Thirty consecutive analysable metaphases were scored for the replication pattern (10 jig/ml BrdU, six hour terminal pulse). The psu idic(X)(ql3) was late replicating in each metaphase.
The psu idic(X)(ql3) was analysed by fluorescent in situ hybridisation (FISH) using a variety of DNA probes. Modifications of the manufacturing company's protocol were similar to those described earlier.'0 1 Use of alpha satellite probe specific for the X centromere confirmed that both the active and inactive centromeres were of X chromosome origin. Chromosome specific paint probes for X and Y (that cross hybridise to the Xpter pseudoautosomal region) confirmed that both arms were Xp orXp derived. The cosmid probe for the XIST locus (Vysis, Downers Grove, IL) was positive (fig 3) 
